Osmotic-swelling techniques show that HCO3-enters mitochondria by an electrogenic process, effectively HCO3-uniport, under non-energized conditions. This mode of translocation accounts for previous reports of non-entry of HCO3-in experiments with energy-linked Ca2+ uptake. The effects of HCO3-on mitochondrial respiration are reported and discussed.
reported that C02, but not HCO3-, supported continued respiration or ATPase (adenosine triphosphatase)-driven swelling of mitochondria in the presence of K+ and valinomycin or gramicidin, and concluded that C02, but not HCO3-, was able to pass across the mitochondrial membrane. Elder & Lehninger (1973) reached a similar conclusion from observations showing that CO2 but not HCO3-supported substantial respiration-driven accumulation of Ca2+ by mitochondria. However, since Ca2+ ions enter mitochondria by an electrogenic process (Selwyn et al., 1970a) , which may be uniport or a (Ca2HPO4)2+ symport as suggested by Moyle & Mitchell (1977) , the ionbalancing requirement for energy-linked uptake of Ca2+ is not electrogenic uniport of an accompanying anion, but entry of a weak acid such as acetic, or exchange of an anion such as PO43-or Cl-for OH- (Lehninger, 1974; Stockdale et al., 1970) . Ions such as SCN-, NO3-, C103-or C104-, which enter by electrogenic uniport, do not support energy-linked accumulation of Ca2+ (Lehninger, 1974 
Methods
The preparation of rat liver mitochondria (in 0.25M-sucrose/5mM-Hepes/KOH, pH 7.6), assay of mitochondrial protein, preparation of liposomes with purified soya-bean phospholipid (azolectin) instead of phosphatidylcholine and measurement of light-scattering by liposome or mitochondrial suspensions were as described by Selwyn et al. (1970b) . Simultaneous recordings of oxygen concentration and light-scattering were made as described by Stockdale et al. (1970) .
Results
The modes of entry of K+ in the presence of valinomycin as electrogenic uniport, of NH3, rather than NH4+ ions, and the ability of uncouplers such as carbonyl cyanide p-trifluoromethoxyphenylhydrazone to act as proton uniporters are now well established.
The anion-permeability of the membranes of vesicles such as mitochondria or liposomes is thus readily investigated by observing light-scattering changes of the vesicle suspensions resulting from osmotic swelling or shrinking of the vesicles in iso-osmotic solutions of ammonium or potassium salts of the anions (Chappell & Haarhoff, 1967; Selwyn et al., 1970b) .
Mitochondria suspended in an NH4HCO3 medium ( Fig. la) swell rapidly, as would be expected from the known permeability of NH3 and CO2, the net effect of this transfer being equivalent to entry of NH4HCO3, since water moves freely across the membrane. Addition of acetazolamide to block carbonic anhydrase activity decreases the rate very markedly (Fig. Ib) , as under these conditions the rate will be limited by the slow uncatalysed rehydration of CO2 within the mitochondria. Addition of the uncoupler carbonyl cyanide p-trifluoromethoxy-
phenylhydrazone increases the rate of swelling (Fig. ic) , which remains rapid in the presence of acetazolamide (Fig. Id) , and these results show that HC03-and/or CO32-must be able to pass across the mitochondrial membrane, the uncoupler being necessary to maintain electrical and pH balance across the membrane. That HCO3 passes across the membrane is shown by the swelling of mitochondria in KHCO3 medium in the presence of valinomycin KHCO3/5mm-Hepes, adjusted with KOH to pH7.6; (c) 0.02M-KHCO3/0.08M-KCI/5mM-Hepes, adjusted with KOH to pH7.6. In each case the upper trace is the oxygen tension, the lower trace is the light-scattering record. The arrows labelled ADP mark the addition of 1 pmol of ADP and those labelled FCCP, the addition of carbonyl cyanide p-trifluoromethoxyphenylhydrazone to give a final concentration of 0.4g1M. 1977 ( Fig. le) Similar experiments with liposomes made with soya-bean phospholipids failed to show rapid swelling in NH4HCO3 or KHCO3 media, which suggests that there is some carrier system for HCO3-in the mitochondrial inner membrane.
The permeability of the mitochondrial membrane to both HC03-and CO2 suggests that this system could function as an uncoupler. Replacement of Cl-by HC03- (Figs. 2a and 2b ) results in a marked inhibition of the rates of basal, ADP-stimulated and uncoupler-stimulated respiration. Partial replacement of Cl- (Fig. 2c) leads to lesser inhibition and, although the respiratory-control index (rate of ADP-stimulated respiration/rate after utilization of ADP) is decreased from 4.2 in the Cl-medium to 2.5 in the presence of 20mM-HC03-the ADP/O ratio remained unchanged within experimental error at 1.8. The percentage inhibition of the rate before addition of ADP is 42%, which is very similar to the percentage inhibition of the ADP-stimulated rate (38 %), whereas the rate after utilization of the ADP is virtually unchanged by the presence of 20mM-HCO3-. The inhibition of basal respiration might be a result of an increased mitochondrial-membrane potential produced by inwards diffusion of HC03-or, more probably, since uncoupler-stimulated respiration is also inhibited, it may be a direct effect on one or more mitochondrial enzymes or electron carriers. The failure to observe stimulation of respiration by an uncoupling effect of the C02/HC03-couple may be due partly to the inhibitory effects masking the stimulation and also to the low concentration of CO2 in equilibrium with HC03-and H2CO3 at pH7.6, limiting the uncoupling rate. However, since the CO2/HC03-is mostly produced in the mitochondria, there will be a concentration gradient that will oppose CO2 entry into the mitochondria. In the absence of re-entry of CO2, energy loss will occur if the major mode of exit is HC03-rather than CO2, but if the H+/ATP stoicheiometry is 2, then the maximal loss would amount to only 10 % of the energy conserved as ATP in the case of pyruvate oxidation.
The HCO3-movement is driven by the mitochondrial-membrane potential and is thus a mechanism for energy-linked HC03-extrusion which will maintain a low intramitochondrial HCO3-concentration. In view of the effect on succinate (3-carboxypropionate) oxidation and the reports of effects of HC03-on the mitochondrial ATPase complex (Ebel & Laidy, 1975; Pedersen, 1976) , the present observations suggest that HC03-may have a role in regulating mitochondrial metabolism in relation to the electrical potential and pH differences across the mitochondrial membrane. An alternative explanation for the inhibition of respiration may be that the C02/HC03-couple decreases the electrical potential and pH differences across the mitochondrial membrane and thereby decreases the intramitochondrial substrate concentration.
A point ofexperimental importance is that CO2 and HC03-movements may affect the values obtained in measurements of proton stoicheiometry such as those of Moyle & Mitchell (1977) , especially as, in their experiments carbonic anhydrase was added to the medium rather than an inhibitor of the intramitochondrial carbonic anhydrase.
